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Understanding the Interactions Between the Ocean CirculationA,
Global Water Cycle and Climate by Measuring Sea Surface Salinity

Latitude

30N

$0N-

30N

308+

605

90°s-

Equation of State for Sea Water

60°N- ’_ 5=

_.psw(S 7) pfwm + b(T)S + c(T)Sm + dS’®

=

| Wam Surface Current

1 Recirculated Deep Water I AlLeg

‘ PACI Flk

. l e
< — TN

LW

0W

T
20°

T
180°

90N

o PN

F30°N

F30°

60

20

«s{ 50N I

25°N [

00

25°s

Hasd 5008 (i

Evaporation Minus Precipitation 1981--2002

60°E 120°E 180°W 120°W 60°W 0°

cean Sciences 2010 — Physical Oceanography

Portland, OR, 24 February 2010

Global salinity patterns are linked to rainfall and
evaporation

Salinity affects seawater density, which in turn governs
ocean circulation and climate

The higher salinity of the Atlantic sustains the oceanic
deep overturning circulation

Salinity variations are driven by precipitation,
evaporation, runoff and ice freezing and melting
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AGOUARILS /SAC-D Ocean Salinity Trends; Links to Water Cycle

Gordon and Giulivi, Oceanography, 21 (1), 2008
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The mean net freshwater flux fields to/
from the atmosphere as they result
from the ECCO ocean model
optimization over the period 1992
through 2001 (m/year).

Mean difference between the net
freshwater flux as determined from the
ocean optimization relative to the
NCEP fields estimated over the same
period.

Mean fresh water flux difference
between NCAR and NCEP for the
period 1991-2000, illustrating the
uncertainty range of different
atmosphere analyses.

(Stammer et al, JGR-Oceans, 2004)
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Uncertainty in the Global Precipitation
Estimates

AQUARILS /SACD

Climatological Precipitation

(mg/m’/s)

100 L AERA_15 | "]  The uncertainties in
I G | C | G | | C 'S 1  mean precipitation data
. n ——— NOC1.1 (80-93)- sets are significant.
80 | ——— MSU (80-93) —
I - EZQE E:g:g | 0.5 m/yr equates to
L ——— NCEP (99-03) - 0.25 psu/yr for H=70m
60 GCGCS (84-06)—
i i This is about a factor of
[ | 10 greater than the
40 — observed SSS trends.
i | The ocean ‘rain gage’
20 _ can detect much
- OHOAPS smaller E-P changes
i From Large and Yeager, 2008 than the current
0 T T atmospheric estimates

50°S EQ 50°N can detect.
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AGEARILS /SACD Preliminary Salt Balance Estimate

* To examine mean salt (SSS) advection and divergence
* Contrast with SST advection and divergence
* Trial balance with E-P net surface freshwater forcing
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AOUARIUS /SAC-D Trial Balance, 2006 Annual Mean

S(E-P)/H
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AQUARILIS /SACD Zonal Averages

il

Surface advection plays

1.5 , . . . - an important role in the
uas/ax
vdsidy freshwater budget.
2006 -
' N P R S(E-P)H |]

Terms are of similar
magnitude

The differences are on
the same scale or larger
than the precipitation
uncertainly ~ 0.25 psu/yr

psu/yr

Differences in mid and
high latitudes show
Hsun-Ying Kao, ESR where vertical mixing,
-1.5 1 , . l YA | 1 | subduction and other

-o0 -40 -30 -20 -10 0 10 20 30 40 50 .
Latitude processes are important.

We must resolve these upper ocean processes to close the freshwater budget
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North Atlantic Salinity Maximum Salt
Balance

AQUARIES /SACD
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SPURS Field Experiment - 2012

AQUARIES /SACD

Some Key Questions:

1. What are the physical
processes responsible
for the location,
magnitude and
maintenance of the
subtropical Atlantic sea
surface salinity
maximum?

2. How will the ocean
respond to changes in
thermal and freshwater
forcing associated with
a changing climate?

3 And Salinity Processes in the Upper Ocean
- ANGMOre... Regional Study (SPURS) Field Experiment

Website: spurs.jpl.nasa. gov/SPURS/

10
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35.5 . : . . . It is well known that significant inter-anr@
f ' SSS variations occur in the western Pacific

a5 | near the eastern edge of the warm pool.

Variations are associated with east-west
345} advection and precipitation.

Salinity affects the buoyancy and hence
; the surface currents, as well as the heat
Sep-Dec mean; Red = El Nifio contend associated with dynamic height.

33.5....1....1....1....|....|....
160 180 160

34 |

ENSO prediction models need to include
Mean Argo SSS salinity as well as temperature data to

o0 - initialize the ocean state.
S
F et ‘
20 E b - 34 salinity on TAO moorings, Argo, and
- : . a3 satellite SSS fields are expected to

150 200 250 improve ENSO forecast skill.
Hsun-Ying Kao, ESR

Ocean Sciences 2010 — Physical Oceanography
Portland, OR, 24 February 2010

36

35 The salinity observing system, including
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AQUARILS /SACD Salinity is the new frontier for ocean remote

sensing

Satellites already measure SST, sea level, surface wind, from which we infer
ocean circulation, as well as insolation, rain rate, evaporation, and ocean color.

5-Day Interval Ocean Surface Currents (meter/sec)
Centered on February 15 2010
R0E  60°E 100°E 140°F 180° 140°W 100°W 60°W 20°W R0°E
50N A o

2z
»)

Mean — 1.0meter/sec (0.5141/s = 1 knot)

Fab 19 2010

& Aquarius/SAC-D
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International Partnership

Satellite Observatory

United States — Argentina
and other agencies

« Aquarius Salinity Microwave - Service Platform and SAC-D
Instrument (Instrument Ops + Science Instruments
Science Data Processing) » Mission Operations & Ground
« Launch Vehicle System

13
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AQUARILS/SACD

Observatory Configuration

Stowed Configuration

Delta 7320-10 C Fairing

Station location in mm

SAC-D Station 4922.0
AQ Station 2382.0

SAC-D Station 2540.0
AQ Station 0.0

= SAC-D Station
0.0

Ocean Sciences 2010 — Physical Oceanography
Portland, OR, 24 February 2010

Deployed Configuration

@ Y Anti-Sun Aquarius
Reflector
Aquarius Z
Instrument Nadir

X FLTDIR

T

Aquarius
Sunshade

Platform

Star Trackers

Solar Panel

Nav-GPS, ROSA,
TDP and s-Band

Antennas
CARMEN-1

(SODAD 1 of 3)
X
= G. Lagerloef, Aquarius PI




SPECIAL ISSUE ON SALINITY | OccanographySPecial Issue

March 2008

THE
AQUARIUS/SAC-D

MISSION

DESIGNED TO MEET THE SALINITY REMOTE-SENSING CHALLENGE

BY GARY LAGERLOEF, F. RAUL COLOMB, DAVID LE VINE, FRANK WE N2
SIMON YUEH, CHRISTOPHER RUF, JONATHAN LILLY, JOHN GUNN, YI CHAGH
ANNETTE DECHARON, GENE FELDMAN, AND CALVIN SWEET

Ocean Sciences 2010 — Physical Oceanography [ &8s 240 N
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US/5ACD  \ission Design and Sampling Strategy

AV A </  Sun-synchronous exact repeat orbit
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YLUARILUS /SAC-D  Salinity Remote Sensing — The Basics

Salinity is Derived by Measuring Brightness Temperature at

L-Band (1.413 GHz)
MICFOWHVG radIOmeterS measure the emltted 1.41 GHz Brightness Temperature vs T,S at 0° incidence angle
; _110F Klein & Swift (1977)
power of a surface in terms of a parameter 2" dielectric model at S
called the radiometric brightness temperature 105 microwave freque ﬁ T
(Tg), which is proportional to the ideal black «gm ///// ~ 3203
bOdy radlat'on § 95/4//" 27 psu
2 — — Su
Ty is the product of emissivity (e) and absolute - Open Qcean jsz
. . 2 —— psu
surface temperature (T) in Kelvins = T
Tg=eT, where e~0.3 for seawater Y Py T

e is a function of, incidence angle 6,
polarization H or V, sea state and the dielectric

1.41 GHz Brightness Temperature vs T,S at 0° incidence angle
105 T

g o Sensitivity increases with
coefficient €. 2 1002 SST
E 10.0°C
€ depends on S, T, and radio frequency (f) £ 95pacC s Open Ocean
P T
£= 4+ 8S(S)T)_goo lC(S:T) Eﬁ% \
— € . -
1+ lZ.Tgle(S,T) 2‘7# Eo %0 25 30 35 40
Salinity (psu)
’ G.Lagerloef, ESR

Ocean Sciences 2010 — Physical Oceanography fasa @ 18
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/SAC-D Physical Model Verification

The Aquarius team has validated Klein and Swift theory with
controlled experiments over a wide range of temperature & salinity.

L-Band Vertical X 25psu x 35psu x 40psu  — K&SModel Passive/Active L-/

134 —— S-Band Sensor

122 | M (Wilson and Yueh,

o I M JPL, October 2001)
- M

128
126
124
122
120

118 | | | | | | | | | | | | | |
6 8 10 12 14 16 18 20 22 24 26 28 30 32

Water Temp (C)

Tant (K)

* New laboratory measurements of the sea water
dielectric constant at 1.413 GHz are being made.

Ocean Sciences 2010 — Physical Oceanography B b F b
G. Lagerloef, Aquarius PI
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Why 1.413 GHz?

itivi Radi F , :
0Sgensmwty vs Radiometer Frequency + Itis a protected band (radio
' astronomy)
0.7r
0.6F S=35 psu, T=15 C, Incidence = 0 ) Ante_nna _Size s manageable.
Aquarius will have a 2.5 m
0.5 i antenna to yield a footprint ~100
2 | -150km.
£ 0.41
0.3 I * There is enough sensitivity to
0ol detect SSS signatures
(~0.1K = 0.2 psu)
0.1
0 . . .  To achieve the required
0 2 Yoen, © ’ 'l accuracy, the Aquarius
1.413 GHz Protected Band .
radiometers are the most
accurate ever developed for
satellite.

Ocean Sciences 2010 — Physical Oceanography R @ 20
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AQUARIES /SACD Steps in Science Retrieval

In addition to the surface ‘flat sea’ emission, we must account for corrections due to
the sky, atmosphere, ionosphere, land and ice, and especially surface roughness.

S ' oy 3 Beam RMS
. * 7 o Error Sources Allocation | CBE
Solar, Galactic Radiation, etc. T . EREROMELSS 215 L
\ B S Antenna 0.08 0.01
System Pointing 0.05 0.02
Roughness 0.28 0.20
Solar 0.05 0.02
Galactic 0.05 0.004
. Rain (Total Liquid Water) 0.02 0.01
4 lonosphere 0.06 0.043
Atmosphere - other 0.05 0.02
. SsT 0.10 0.07
Atmospheric Gases Antenna gain near land & ice 0.10 0.10
Water Vapor Model Function 008 | 007
Cloud Liquid Water Rain Brighness Temperature Error [— Baseline Mission
& 7 N ‘ per Observation Allocation CBE
TotalRSS (K)] _ 0.38 0.27
Margin RSS (K) 0.27
Mean Mean # Baseline Mission
Latitude | Sensitivity | Samples in| Monthly Salinity Error
. Range (dTvIdS) 28 Days su
Important Surface Properties L e
2 Sol'“'f)’ ==t 0-10 0.756 10.9 0.15 0.11
¢ Temperature Tp=els | T 1120 0.731 11.3 0.16 0.1
e Surface Roughness . 2130 0.671 12.1 0.16 0.12
&(ST)-€.  iQS,T) 3140 0.567 135 0.18 0.13
€= == = 4150 0.455 15.9 0.21 0.15
TOlsinfuST)  2mfe, 5160 | 0357 203 024 0.17
61-70 0.271 2.2 0.26 0.18
Global RMS (psu) 0.20 0.14
Ocean Sciences 2010 — Physical Oceanography Margin RSS (pay) 014 -

Portland, OR, 24 February 2010 G. Lagerloef, Aquarius Pl



AQUARILUS /SACD Wind Roughness Correction

Surface wind roughness is the largest single
error source; > 12 psu in high winds

Aquarius includes an integrated radar
scatterometer to make simultaneous ‘bore sight
measurements to correct this

130
129
128
127
126
125
124
123
122
121

0 5 10 15 20 25 30 0 5 10 15 20 25 30

Wind Speed (m/s) Wind Speed (m/s)
PALS Airborne data, 2009, courtesy of S. Yueh, JPL

Ocean Sciences 2010 — Physical Oceanography NAsa wilfe N 22
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AOUARILS /SAC-D Aquarius Algorithm Simulator

2007 mean SSS

Qf—-GIol)-'él mean bias
_,.ﬁq,om psu. e

Land & ice interference (blue edge)

Ocean Sciences 2010 — Physical Oceanography
Portland, OR, 24 February 2010

Simulate surface Tb from OGCN
SSS and SST fields for calendar
year 2007 along the satellite orbit
swath.

Add the effects of the wind,
atmosphere, ionosphere, solar
flux, galactic reflection, rain, land
and ice brightness temperatures,
and the antenna gain.

Add realistic errors for wind, SST
and instrument noise.

Synthesize the instrument and
satellite data telemetry.

Run the simulated data through
the salinity retrieval algorithm, and
compare with the OGCM input.

23
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AOUARILLS /SAC-D Standard Deviation Simulated Error

Weekly St Dev Error | 0.4

Errors increase toward high
= 0.3 latitude (SST effect).

= 0.2 Very favorable results that must
be viewed with caution.

Several unknowns are not
0 included in the simulator:

« incomplete roughness model
0.4 « antenna gain unknowns

 galactic model error

.-_-1.-""‘#". :

N 0+)7Lpsu \ = 0.3 « galactic reflection off rough
”}f’i@ f ,..: * : “*nu. surfaces |
4 R 2 . W - 0.2« heavy rain
: e, ; i - . « and more.....
-+ 0.1
0

250

Ocean Sciences 2010 — Physical Oceanography
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%
AQUARIES/SACD Simulators to be ready in March - April 2010 &3

Science Simulator Operational Simulator
 New 12-month simulatornow ¢ “real time” data processing of
being computed for calendar simulated data on a daily basis
year 2007 ocean « Daily data will be released
* Will be released as Level 2 through the Aquarius data
science data files. website as if the mission were
actually flying for science team
to analyze.

(2004325)
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DHEARILUS /SAC-D Some useful information

Aquarius website: http://aquarius.nasa.gov/

» Education and Public Outreach page
http://aquarius.nasa.gov/education.htmi

Upcoming events:

* Aquarius/SAC-D Science Team Meeting, Seattle, 19-21 July 2010
— Open, with registration required
— Website will be open in March 2010

— Agenda will focus on algorithms, calibration and validation in
preparation for launch

« NASA/ROSES 2010 announcements of opportunity
— SPURS
— Ocean Salinity Science Team — phase 2
— See http://nspires.nasaprs.com

Ocean Sciences 2010 — Physical Oceanography fas: 2l 26
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AQUARILS /SACD SMOS Mission =M
¥ &
Soil Moisture Ocean Salinity Mission - ESA

Launched November 2009

Undergoing six month
commissioning phase

Complex 2-D interferometer
design

Designed primarily to meet soil
moisture science requirements

Some preliminary data
generously provided by Y. Kerr
and J. Font

Ocean Sciences 2010 — Physical Oceanography .. X @ 27
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AGUARILES /SAC-D SMOS Brightness Temperature Map

4-5 December 2009

, ;"lll MIR_BWXD1C — BT_Value (K) — 20091204T042539 - 200912057221456

[ L7 Cylindrical projection — 88 product(s) — Generated on 20091209T191455
TV smos Orbits: All = Polarization: HH — FOV: All

+2545
+222.7
+190.9
+159.1
+127.3
+95.45
+65.64

+31.82

0
Courtesy of Yann Kerr

SMOS Global Mopgeng Tool v2.3

Ocean Sciences 2010 — Physical Oceanography
Portland, OR, 24 February 2010
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y’;MDS ) 210 E h I T g : : 38
Roughness: SSS dominated | ——smos ay0.5°
Dominated: o | —— SMOS 1°
| | ——ssS |
Across-track | i g
averaged g U -
| SSS Cllmatolqu 116
g200p | T
e A | 7
= AT, L A2
LS l SMOS Brightness ] 134
| ’ s‘ﬁ‘" A Temperature ps ‘ 4
' ) ” W/ LY
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190 ' ! i o -
-60 -40 -20 0 20 40
Latitude

Courtesy of Jordi Font

Very clear ~2 psu amplitude large-scale SSS signal signature in

eSa

SMOS low incidence data (here First Stokes for theta < 5°)

SMOS IOCP KP-1, 26 January 2010
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